Cherokee tribal lands were mapped and all households (N = 2223) were listed to ensure maximum coverage of the eligible population (women, aged 18 years and older, who were enrolled tribal members). Eligible women were identified by the use of a brief questionnaire administered to an adult member of the household. Of the 1279 households with eligible women, 1020 (79.8%) agreed to participate. The intervention was an individualized health education program delivered by female Cherokee lay health educators. The participants were randomly assigned to receive or not to receive the intervention (i.e., to program and control groups, respectively) by use of the Solomon Four-Group design. Data were collected in face-to-face interviews conducted in the participant's home. Of the 996 women who were ultimately enrolled, 540 were randomly assigned to receive a pretest (preintervention) interview that involved administration of a 96-item questionnaire designed to collect data on knowledge, intentions, and behaviors related to
Background:
The North Carolina Native American Cervical Cancer Prevention Project was a 5-year, National Cancer Institute-funded trial of health education designed to increase screening for cervical cancer among NativeAmerican women in North Carolina. Purpose: This study was conducted to evaluate the effectiveness of this education program in the Eastern-Band Cherokee target population. Methods: Cherokee tribal lands were mapped and all households (N = 2223) were listed to ensure maximum coverage of the eligible population (women, aged 18 years and older, who were enrolled tribal members). Eligible women were identified by the use of a brief questionnaire administered to an adult member of the household. Of the 1279 households with eligible women, 1020 (79.8%) agreed to participate. The intervention was an individualized health education program delivered by female Cherokee lay health educators. The participants were randomly assigned to receive or not to receive the intervention (i.e., to program and control groups, respectively) by use of the Solomon Four-Group design. Data were collected in face-to-face interviews conducted in the participant's home. Of the 996 women who were ultimately enrolled, 540 were randomly assigned to receive a pretest (preintervention) interview that involved administration of a 96-item questionnaire designed to collect data on knowledge, intentions, and behaviors related to cervical cancer; of these 540 women, 263 were randomly assigned to receive the education program. The remaining 456 women did not receive the pretest, but 218 were randomly assigned to receive the education program. Six months after receiving the education program, the women in all four groups were administered a post-test that was identical to the pretest Logistic regression was used to assess the effects of the pretest and the educational program. Cervical cancer is a disease that can be prevented through early detection in nearly all cases (7,2). With regular Pap smears and timely treatment when necessary, it is theoretically possible to eliminate mortality from this disease. Although the mortality rate from all cancers among Native-Americans is generally lower than for the rest of the population, the mortality rate from cervical cancer for Native-American women is higher. From 1984 through 1988, for example, the ageadjusted mortality from all cancers among the Indian Health Service (IHS) population as a whole was 131.9 per 100 000 persons compared with 171.3 per 100 000 persons for the United States during the same period. However, during this period, the age-adjusted cervical cancer mortality rate for the female IHS population was over twice that for all U.S. females, 7.6 per 100 000 persons compared with 3.1 per 100 000 persons, respectively (3).
The North Carolina Native-American Cervical Cancer Prevention Project (NCP) was a 5-year, National Cancer Institute-funded community health education project that was designed to address the problem of cervical cancer mortality among Native-American women in North Carolina. The project was motivated by the disparity in cervical cancer mortality rates between Native-American and all other women in the southeastern United States. The age-adjusted mortality rate from all cancers for Native-American women in the Nashville IHS administrative area, the area that included the study population, was 135.0 per 100 000 persons (1984 through 1988) . For cervical cancer, the age-adjusted mortality for the female IHS population in the Nashville IHS service area was 11.6 per 100 000 persons for the Nashville area (1984 through 1988), higher than the 7.6 per 100 000 persons for the IHS as a whole, and over three times higher than for the United States as a whole (3.1 per 100 000 persons) (5) . The overall goal of the NCP was to reduce mortality from cervical cancer among Native-American women by focusing on early detection 1) by increasing the proportion who obtain Pap smears (in compliance with recommendations by health care providers) and 2) by increasing the proportion who obtain treatment for conditions identified by the Pap smear. These goals were to be reached through development and implementation of a culturally sensitive health education program. A general description of the project and the intervention has been presented previously (4, 5) . In this report, we present the results of evaluation of outcomes for knowledge, intentions, and behavior (Pap smears) of the women who participated in the project implemented for the Eastern Band of Cherokee Indians, one of the two target populations of the NCP.
Methods

Target Population
The Eastern Band of Cherokee Indians resides in the western part of North Carolina. The EastemBand lands are owned and held in trust by the tribe and consist of one large tract, known as the "Qualla Boundary," and several smaller segments scattered over a three-county area. Socioeconomic status of the Cherokee population is generally lower than that of the population of the state as a whole. In 1990, for example, 35% of the families had annual incomes below the poverty level compared with 10% of all families in the state of North Carolina. Unemployment rates vary seasonally but are generally higher among the Cherokees than for the general population in the state of North Carolina. Employment for the Cherokee population is provided by several tribally owned enterprises, tribal government, the Federal government (Bureau of Indian Affairs and IHS), and tourism. Health care is provided to the Cherokee population by health care providers staffing an IHS hospital in the town of Cherokee, NC. Medical services not provided by the IHS are purchased from local health care providers through contracts. Health services are available from the IHS free of charge for all enrolled members of the tribe.
The target population for the cervical cancer prevention project was limited to women aged 18 years and older who live on tribal land and who are officially enrolled members of the tribe. Tribal enrollment is closely controlled and requires documentation of a minimum Native-American blood quantum of 1/16. Children of marriages where the blood quantum falls below 1/16 for the first time in the family history are listed as "first descendants" and are included in the tribal census. Children of first descendants who have a blood quantum below 1/16 are not eligible for tribal membership, however. A total of 1616 women aged 18 years or older were listed as residing on the Qualla Boundary in the 1990 census (6~). The median age of these women was approximately 28 years.
Theoretic Basis for the Education Program
The cervical cancer education program was based on the Social Learning Theory (7) but also integrated concepts from other theories and models of health behavior. Community analysis suggested that observational learning and a preference for oral over written communication were dominant themes in the target population. As in many Native-American communities, individuals tended to focus attention on the needs of the group as opposed to those of individuals.
Social Learning Theory (7) provided the foundation for the education program and focused attention on the development of program components that would provide realistic modeling of the desired behaviors in a context that would increase attention, retention, and motivation. Self-efficacy (8) , which is the belief in one's ability to behave in ways necessary to produce identified outcomes, was also fundamental to development of the education program. Self-efficacy theory (8) was used to facilitate development of program components that explored and addressed individual barriers to behavior change. By addressing the barriers to obtaining Pap smears in the education program, realistic solutions could be developed. Previous research has shown that active participation where individual life situations are discussed is more effective in producing and maintaining behavior change than traditional passive educational methods (9) . The design, pretesting, and revision of the components of the education program, training of the lay health educators, and development of means for implementation were aided by the Health Belief Model (70), the Minority Health Communication Model (4), the Communication-Behavior Change framework (11), and the planning model entitled PRECEDE (5) . The Health Belief Model provided guidance in developing awareness of the context for the education program. It allowed the investigators to view the education program in relation to the interests, values, and long-and short-term needs of the target population. PRECEDE helped to refine the context provided by the Health Belief Model and focused attention on the collection of information needed to plan specific components of the education program. The Minority Health Communication Model helped to develop methods to address cultural aspects of the education program. Finally, the specific content and instructional materials for the education program and the training for the lay health educators were developed using the Communication-Behavior Change framework.
The health education program was designed to provide individualized instruction to women about cervical cancer, to address barriers to obtaining Pap smears and/or follow-up care, and to provide reinforcement for women's efforts to obtain needed services. A detailed description of the health education program has been published previously (5) . In summary, the program included two one-on-one visits by a lay health educator, which usually took place in the women's homes. Information about early detection of cervical cancer was conveyed orally and was reinforced by a videotape and printed materials. The program was individualized on the basis of each woman's barriers to obtaining cervical cancer screening. The lay health educator assessed barriers in the first visit and then provided suggestions during the second visit
Evaluation Design
The Solomon Four-Group research design, with random assignment, was used for evaluation of the NCP (Table 1) . This design was selected because it allows for randomization, controlled estimation of intervention effects, and assessment of possible intervention-like effects associated with pretesting (12) . Effects of pretesting may be confused with effects associated with interventions in pretest-post-Group No. 2. As Table 2 shows, the women in the education and control groups were equivalent in terms of age, marital status, education, income, insurance coverage for Pap smears, obtaining annual physical examinations, history of abnormal Pap smears, and identification with Native-American culture. There were no statistically significant differences between the education program and control groups for any of the variables shown in test evaluation designs, particularly in the case of health education, where interventions often begin with raising awareness of the topic under study. The attention to health that arises from administration of interviews during pretesting may increase awareness and stimulate changes not easily distinguished from those anticipated from health education interventions (13) . The Solomon Four-Group design addresses this concern by providing postintervention data that are collected under conditions where pretest influences are present and absent Differences in outcomes with and without the pretest can then be determined. Finally, the Solomon Four-Group design, like many pretest and post-test designs, provides data that can be used to examine nonresponse bias. This is a particular concern in projects where loss to follow-up in the interval between the intervention and post-test is a concern.
Target sample sizes of 250 were selected for each of the four study groups shown in Table 1 on the basis of a desired power level of at least .80 with alpha = .05 for a two-tailed test to detect a 10-percentage point difference in the proportion of women reporting a Pap smear in the past year. The target sample sizes included consideration of up to 25% attrition from pretest to post-test. Thus, the tasks in the preintervention phase of the project included selection of a sample of at least 1000 eligible women from the target population, random assignment of the women to four groups of 250 each, and collection of base-line data from groups 1 and 2 (Table 1) .
A total of 2223 households on tribal land were mapped and listed; 1279 (57.5%) included eligible women. A member of the project staff visited each household, and eligible women were identified using a brief screening questionnaire administered to an adult member of the household. Of households with eligible women (aged 18 years and older and enrolled Cherokee tribal members), 1020 (79.8%) agreed to participate. Information on those who refused to participate was retained for future analysis. The allocation of women to the groups in the Solomon Four-Group design is shown in Table  I . Women shown as enrolled in Table 1 are those randomly assigned to groups that did not receive the pretest interview. Interviewers obtained written informed consent from all of these women and explained to them that other personnel from the project would be contacting them in the future. The women shown in Table 1 under pretest were enrolled, randomly assigned to be interviewed, and then randomly assigned to the intervention or control groups.
Data Collection Instrument
An instrument to structure data collection was developed in concert with three other projects funded by the National Cancer Institute under the Avoidable Mortality From Cancer in NativeAmerican Populations initiative. Administered faceto-face in women's homes by trained interviewers recruited from the Cherokee population, the 96-item instrument was used for both the pretest and posttest to collect data on knowledge, intentions, and behaviors related to cervical cancer in a culturally sensitive manner. Administration of the interview in the women's homes required from 20 minutes to more than 1 hour.
Study Population
Pretest enrollment and data collection began in the winter of 1991 and was completed in late fall 1992. A total of 996 women was enrolled and randomly assigned to one of the four study groups (Table I) .
The average age of the 540 women assigned to groups 1 and 2 who completed the pretest interview was 41.3 years (standard deviation [SD] ± 15.7 years). The average ages of women in groups 1 and 2 were similar 40.8 years (SD ± 15.9 years) for group 1 and 41.7 years (SD ± 15.4 years) for group 2. The post-test was timed to be administered at least 6 months after women received the education program. Post-test data collection began in September 1993 and was completed by December 1994.
Data describing the study population, in terms of how the women were randomly assigned to education program or control groups, are shown in Table
Measurement and Data Analysis
The dependent variables used for evaluating the education program included knowledge, intentions, and behaviors. Knowledge was assessed by three interview items. The items asked if women knew that 1) the Pap smear is a test that can detect cervical cancer, 2) detecting cervical cancer early in its course increases the chance for cure, and 3) getting follow-up medical care may be needed to treat cervical cancer. Intentions were assessed in an interview item that asked how sure women were that they would obtain a Pap smear in the next year. Behavior was assessed by asking whether women had received a Pap smear within the past year (12 months). The effectiveness of the education program was assessed by focusing on knowledge, intentions, and behavior of women at the post-test. Indicator variables were included to identify whether participants received the pretest and/or the education program. The characteristics of women used in the logistic regression analysis included age, marital status, education, income, health insurance to pay all or part of the cost of Pap smears, having an annual physical examination, history of abnormal Pap smears, and identification with Native-American traditions. The analysis of differences among the four groups of the Solomon Four-Group design was carried out with the use of a method developed by Thomas and Gart (14) . Logistic regression (15) was used to assess the effects of the pretest and the educational program after adjustment for characteristics of the women in the study. Where appropriate, contingency tables were analyzed by use of the chi-squared test All statistical tests were twosided, with P values less than or equal to .05 indicating statistical significance.
Results
A total of 181 women was lost to follow-up in the period between the pretest and post-test, leaving data for 815 participants for analysis. The distribution of losses to follow-up by study group was as follows: 53 (20.2%) of the 263 women in the group that received the pretest and the education program (group 1 of and whether women had obtained a Pap smear in the previous year were the dependent variables used to evaluate the effectiveness of the program. Table 3 summarizes the post-test knowledge, intention, and behavior (Pap smear) data.
As shown in Table 3 , among the groups that received the pretest interview, 181 (76.1%) of the 238 control subjects and 161 (76.7%) of the 210 women who received the program answered all of the knowledge questions correctly on the post-test. There was no significant difference in knowledge between the program and control groups (P -.05). For the groups that did not receive the pretest interview, however, women who received the program were more likely than the control subjects to answer all of the knowledge questions correctly (86.9% versus 76.0%; P -.012). Thus, among women who did not receive the pretest interview, the program appeared to have a small positive effect on knowledge. No difference in knowledge was found among women in the program and control groups who received the pretest interview, however.
Intention to Obtain a Pap Smear
For women in the groups that received the pretest, 114 (47.9%) of the 238 control subjects and 96 (45.7%) of the 210 subjects in the program group were sure or very sure that they would obtain a Pap smear in the next year. For the women in the groups that did not receive the pretest, 93 (48.4%) of the 192 control subjects and 84 (48.0%) of the 175 women who received the program were sure or very sure that they would obtain a Pap smear in the next year. Thus, there was no dif- Table 3 . Post-test knowledge, intention to obtain Pap smears, and reported Pap smears within the past year for women in the program and control groups by receipt of the pretest ference in intention between the program and control groups whether they received the pretest or not.
Self-Reported Pap Smears Within the Past Year
Among the women in the groups that received the pretest, 155 (65.1%) of the 238 control subjects and 149 (71.0%) of the 210 women in the program group reported that they had had a Pap smear in the past year. The difference between the program and control groups was statistically significant (P = .008). Among those who did not receive the pretest, 120 (62.5%) of the 192 control subjects and 133 (76.0%) of the 175 women in the program group reported a Pap smear in the past year (P = .007). Thus, whether they received the pretest interview or not, women in the program groups were more likely than the control subjects to report a Pap smear in the past year on the posttest.
Logistic Regression
Logistic regression was used to test for the effects of the pretest and the education program on knowledge, intentions, and reported Pap smears within the past year in the presence of important covariates. The covariates of interest included age, marital status, educational level, income, having insurance to pay for Pap smears, identification with NativeAmerican culture, having an annual physical examination, and having a history of abnormal Pap smears. To conduct these analyses, indicator variables were developed. For knowledge, a value of 1 was assigned for those answering all knowledge items correctly. For intentions, those reporting that they were "sure to very sure" that they would obtain a Pap smear in the next year were assigned a value of 1. Finally, those reporting a Pap smear within the past year were assigned a value of 1. All others were assigned values of 0 for knowledge, intentions, and behavior. Table 4 shows the results from the logistic regression analyses of the posttest data for knowledge, intentions, and reported Pap smear within the past year. As Table 4 shows, the odds of women answering all of the knowledge questions correctly was affected by annual income and receiving the program. Women reporting annual incomes of $20 000 or more were more likely to answer all of the knowledge questions correctly. Similarly, women who received the education program were also more likely to answer all of the knowledge questions correctly. Table 4 also shows that the odds of women reporting that they intended to obtain a Pap smear in the next year were affected by age, having an annual physical examination, and reporting a history of abnormal Pap smears. Women aged 35 years and older were less likely than women aged 24 years and younger to report that they intended to obtain Pap smears. Women who reported a history of abnormal Pap smears were nearly three times more likely to intend to obtain a Pap smear in the next year than those who had not had abnormal Pap smears in the past
Regarding behavior, Table 4 shows that the odds of reporting having had a Pap smear in the past year was higher among women who had insurance to pay for Pap smears, obtained annual physical examinations, reported a history of abnormal Pap smear results, and received the education program.
In summary, the logistic regression analyses suggested that the education program had a positive effect on knowledge and behavior. Women who received the program were more likely than the control subjects to answer all of the knowledge questions about the Pap smear and cervical cancer correctly and were almost twice as likely to report that they had had a Pap smear in the past year than the control subjects. The results in Table 4 also suggest that access to health care was critical to women obtaining screening for cervical cancer. Women who had annual physical examinations were five times more likely to report a Pap smear in the past year than women who did not report such examinations. In addition, women who reported a history of abnormal Pap smears were nearly three times more likely to report having had a Pap smear in the past year than women who had not had abnormal results.
Discussion
The results of this study support a proposition put forth in a classic article on health education evaluation by Green (13) . In the article, Green illustrated the concept that the probability of achieving behavior change increases as the focus of attention shifted from the group toward the individual. This notion is consonant with what is commonly (intuitively) believed about teaching and learning, i.e., that individual attention increases learning. In the context of cervical cancer education programs conducted previously (16, 17) , the results from the present study represent progress toward producing behavior change with health education programs. Previous projects in which education programs were focused on the community at large or on groups of women at high risk demonstrated increases in awareness and knowledge but little change in behavior. The NCP education program was developed with knowledge of the results from previous cervical cancer education projects and, therefore, focused greater attention on the individual. Viewed in the context of previous projects (16, 17) , the results obtained from the present study support Green's contention and suggest that individual attention is more likely to result in positive changes in health behavior, such as women obtaining Pap smears, than less individualized health education.
The influence of the Native-American culture on the target population is an important factor in appraising the generalizability of the results of this study. To address the critical need for cultural appropriateness, lay health educators were trained to deliver the program. Consultants to the project were also engaged to assist with the cultural aspects of the training. As lifelong members of the target population, the lay health educators required relatively little training to be able to provide the cervical cancer education in a culturally appropriate fashion. The success of the program in producing evidence of behavior change supports previous research that has demonstrated the value of lay health educators, particularly for populations with distinctive cultural features (18, 19) . Lay health educators from such populations are equipped, by virtue of their heritage and upbringing, with the background characteristics needed to bridge cultural barriers that face education programs, and so they represent an attractive alternative to intervention by health education professionals •OR = odds ratio; CI = confidence interval.
who are not part of the culture. It is clear that the most useful roles of health education professionals in such situations are as advisors and supervisors, providing that they are sensitive to the values of the culture of the target population. Employing individuals from target populations who are able to reach and interact effectively with those at high risk provides additional benefits to the community. The training and experience gained by lay health educators support development of the healthrelated infrastructure of the community and provide employment. Finally, the results from the Cherokee population of the NCP indicate that further research is needed to clarify the effects of pretesting on evaluation of health education programs. In this study, the differences in knowledge, intentions, and having had Pap smears between the program and control groups appeared to be influenced by the pretest interview, but the lack of a systematic pattern is problematic. In research designs where subjects are assigned to study groups at random, pretesting is theoretically unnecessary because random assignment implies that any factors that might affect responses to the intervention would be distributed throughout the study groups in an unsystematic fashion. The results presented here suggest that pretesting may interact with health education for some outcomes. The reasons for such effects are not readily apparent and suggest a need for additional research.
